Hepatitis C virus (HCV) is a blood-borne infection and one of the most important global health problems at present. This infection is the most common cause of liver transplantation in the USA, and is associated with significant morbidity, mortality, and high health care costs. Although children represent a fraction of the total infected population, pediatric HCV is a condition with an important health impact. The natural history of pediatric HCV is not fully understood. While most young patients are characterized by having mild liver disease during childhood, many have moderate and some have advanced fibrosis even early on in life. The factors that determine these differences have not been established. There have been significant advances with regard to treatment of HCV infection among adults over the last few years. Management of affected children has also improved and is expected to achieve a sustained virologic response in the majority of patients treated in the near future. This review discusses the epidemiology and present knowledge about the natural history of pediatric HCV infection, focuses on current management options, and provides a brief overview of future therapies.
Epidemiology and public health
Hepatitis C virus infection (HCV) infection is a global health problem and is the most common blood-borne infection in the USA. Globally, approximately 185 million people are infected with HCV. 1 In the USA, 2.7-3.9 million people (adults and children) have chronic HCV infection. 2 According to the Third National Health and Nutrition Examination Survey, 0.2% of US children aged 6-11 years and 0.4% of adolescents aged 12-19 years were HCV antibody-positive. 3 In terms of actual cases, Jhaveri et al projected that, in the USA, there will be approximately 30,248-49,496 children chronically infected with HCV between 2007 and 2017. 4 At present, approximately 60%-90% of cases of hepatitis C infection in children are the result of perinatal transmission, with the remaining cases resulting from intravenous drug use, sharing of intranasal straws, tattooing, and body piercings. 5, 6 The overall risk of maternalinfant transmission ranges from 5% to 10%, [7] [8] [9] and maternal coinfection with human immunodeficiency virus (HIV) approximately doubles the vertical spread rate. 10 However, according to the Institute of Medicine, hepatitis C infection remains largely underdiagnosed, with at least 50% of infected subjects unaware of their HCV status. 2 An even larger percentage of infected children may remain unidentified. 11 Thus, the true prevalence and incidence of this condition in the young remain unknown, and the impact of pediatric infection on the overall hepatitis C burden has not been evaluated.
Hepatitis C is associated with significant morbidity and health care cost. Although HCV is thought to induce relatively mild disease, children can present with more advanced clinical manifestations. There have been several case reports of hepatocellular carcinoma among children and young adults who acquired HCV infection during childhood. 12 In addition, the worldwide financial burden of HCV infection is high, with projected direct medical costs of $10.7 billion from 2010 to 2019, 13, 14 and $119-$336 million in children over the next decade. 4 Adequate surveillance and linkage to medical care of children at risk for this infection are necessary to reduce morbidity and the associated cost.
In a consensus report issued in January 2010 by the Institute of Medicine, it was noted that there is a lack of knowledge and awareness about chronic viral hepatitis. In addition, there is insufficient understanding about the extent and seriousness of this public health problem, with inadequate public resources being allocated to prevention, control, and surveillance programs. 2 Based on this report, increased knowledge and awareness about chronic viral hepatitis, improved surveillance, and better integration of services are needed.
Natural history
The natural history of pediatric HCV has not been clearly established. Currently, perinatal HCV transmission is suggested as the most common mode of infection in children, as evidenced by detectable HCV RNA levels after several weeks of life, proposing that perinatal HCV transmission is more common than intrauterine acquisition. 15 Regardless of the route of infection, an infant may have detectable anti-HCV antibodies in serum until his/her 18th month of life due to passively transferred antibodies from the mother. 6, 15 The majority of children who acquire HCV develop chronic infection. In a large, multicenter, prospective study of 266 children with vertically acquired HCV infection, 75% developed chronic infection while 25% achieved spontaneous viral clearance by 5 years of age, with a median age of clearance of 14.9 months. Positivity of HCV polymerase chain reaction in the first year of life was found to be related to a lower chance of clearance and a higher risk of persistent infection. 6 The rate of viral clearance in children was 8% in a large prospective 10-year study, occurring commonly in the first 5 years of follow-up. 13, 16 In a study of 157 children with HCV infection between 1990 and 2001, 28% cleared infection after 10 years of follow-up. Among neonatal cases, 25% had spontaneous clearance by 7.3 years. It was found that younger age at follow-up and a normal alanine transaminase (ALT) value favored spontaneous clearance (P=0.0001). 17 Children with transfusion-acquired infection have demonstrated higher rates of spontaneous HCV clearance. 15 A 15-year study including 504 anti-HCV antibody-positive children enrolled at 12 Italian centers found that 10 years after exposure, 27 (7.5%) of subjects had undetectable viremia (most by the second and third years of life) while 332 (92%) of subjects had persistent HCV. Six of these 332 cases (1.8%) progressed to decompensated cirrhosis, five being Italian children perinatally infected with genotype 1a (four of the mothers were drug users). 16 In a multicenter, retrospective, Italian study of anti-HCV antibody-positive and HCV RNA-positive children (aged 1-16 years) observed in 15 pediatric and infectious disease departments between 1990 and 2002, spontaneous sustained HCV RNA clearance occurred in a minority of patients, in most instances during the third year of life. 18 Spontaneous viral clearance is unlikely beyond 4 years of age. Patients who do not clear the virus within the first years of life will develop chronic hepatitis C. Overall, 80% is the approximate cumulative probability of development of chronicity, defined as the persistence of HCV RNA for at least 6 months. 15, 19 Pediatric HCV infection is usually asymptomatic or presents with mild nonspecific symptoms. 6, 15, 18 Clinical symptoms are observed in approximately 20% of the infected children, with hepatomegaly being the most frequently observed sign. 19, 20 According to Bortolotti et al, 15 .4% of children had nonspecific, mild, and transient symptoms at the time of diagnosis. Nevertheless, 1.8% with constantly high ALT levels developed signs and symptoms of advanced liver disease (asthenia, epistaxis, pruritus, ascites, gastrointestinal bleeding). 16 Despite this, infected infants may have normal or intermittently elevated aspartate transaminase and ALT enzymes, particularly in the first 2 years of life. However, ALT elevation does not correlate well with histological severity. 6, 15, 19 The highest ALT values were found in children infected with genotype 3 and the lowest in those infected with genotype 2. 18 Histological manifestations of acute hepatitis C in children are poorly characterized as this infection is rarely recognized in its acute stage, especially in the young. In contrast, histological abnormalities in chronic hepatitis C have been better described. There is great variability in the degree of inflammation and fibrosis reported among children with HCV infection. Badizadegan et al found periportal fibrosis in 78% and cirrhosis in 8% of 40 children younger than 18 years of age treated at Boston Children's Hospital. 21 A study in Cairo, Egypt, found fibrosis in 72.1% of children 
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Optimal management of pediatric HCv infection (46.5% with mild and 25.6% with moderate to severe fibrosis), with a median age for development of fibrosis at 5.5 years. 22 In a multicenter US trial of pediatric hepatitis C infection, including 121 children, 17% had mild, 37% had moderate, and 3% had severe inflammation. Significant hepatic fibrosis was present in seven patients and two had cirrhosis. In addition, accumulation of hepatocellular fat was present in 41% of the biopsy specimens and in 62% of children infected with HCV genotype 3. 23 Furthermore, several case reports associate chronic hepatitis C infection with the development of hepatocellular carcinoma in adolescents and young adults who acquired the infection during childhood. 12 Although little is known about the impact of HCV infection in children, a recent Australian study showed significantly lower global physical and psychosocial scores in 23 HCV-infected children compared with normal controls. 6 Another study did not find decreased quality of life among infected children in the early stages, but noted a mild decline in neurocognitive functioning and found that caregivers were highly distressed about their children's health. 24 It is important to note that the majority of children infected with HCV have not been diagnosed. 11 In addition, HCV testing in children is most often done at random with no clear association between severity of disease and awareness of HCV status. In other words, children who are diagnosed are not necessarily those with more advanced liver disease as HCV infection tends to be asymptomatic until development of decompensated cirrhosis. Thus, our understanding of the true natural history of this disease is limited, as published studies have focused on a minority of HCV-infected children (those with diagnosed HCV infection). It is unclear whether the findings thus far represent or may be generalizable to the entire pediatric HCV-infected population.
General management principles
Screening of individuals at risk
The management of pediatric HCV infection should begin with appropriate screening of individuals at risk. According to the Centers for Disease Control and Prevention, individuals at risk for HCV infection include recipients of blood products or transplanted organs before 1992 or of clotting factors before 1987, and persons born from 1945 through 1965. Risk factors relevant to the pediatric population include infants born to HCV-infected mothers, children or adolescents with a history of injection or intranasal drug use, HIV-infected individuals, patients who have ever received long-term hemodialysis treatment, and those with signs or symptoms of liver disease. 25 As a result of universal precautions and screening of blood products, the risk of HCV transmission from transplanted organs and blood products has been minimized. Currently, new HCV infections are primarily due to intravenous or nasal drug abuse. In addition, parenteral transmission via tattooing or acupuncture with unsafe materials is also implicated in occasional transmissions. The current consensus considers that the risk of HCV transmission by sexual intercourse in stable relationships is negligible, 26 with increased incidence in sexually promiscuous individuals more likely being a marker of other coexistent high-risk behaviors. The Massachusetts Department of Public Health launched a surveillance initiative on cases reported during 2007 and 2009, which revealed continued increases in rates of newly reported HCV infection among those aged 15-24 years. Of cases with available risk data, injection drug use was the most common risk factor for HCV transmission. These results indicate the need for enhanced surveillance of HCV infection and intensified hepatitis C prevention efforts targeting adolescents and young adults. 27 Several blood tests are performed to test for HCV infection. These include screening tests for anti-HCV antibody and confirmatory tests using qualitative nucleic acid testing (to detect the presence or absence of virus). 28 
Genotyping tests and quantification of virus
Genotype testing is commercially available and approved for use in adults, and although not validated at this time, is widely used in pediatrics as well. At least six distinct HCV genotypes (genotypes 1-6) and more than 50 subtypes have been identified. In the USA, the most common HCV genotype is 1, which is associated with the lowest treatment response rates. Identifying patient genotype is important to establish prognostic risk and to guide management. Once the genotype has been identified, quantitative nucleic acid tests (to detect the amount of nucleic acid from HCV in blood) are used periodically to assess response to therapy. In addition, identification of the patient genotype has more recently been found to be important given the correlation of the c allele and the c/c genotype in the interferon lambda 3 gene among children who spontaneously cleared HCV infection. 29 
Assessment of infected children
The assessment of HCV infection in neonates can be problematic. Testing for anti-HCV antibodies is unreliable before 18 months of age because their detection may be related to passive transfer of maternal antibodies and not active infection. Thus, anti-HCV antibody testing is 
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Fifi et al recommended for at-risk infants only after 18 months of age. 30 Serum HCV RNA tests may be used to confirm viral infection earlier, but nucleic amplification test results within the first 3 months of life are unreliable. 31 In 2012, the North American Society of Pediatric Gastroenterology, Hepatology and Nutrition (NASPGHAN) published practice guidelines for the diagnosis and management of hepatitis C infection in infants, children, and adolescents. 28 It is generally recommended that these children undergo periodic clinical assessments (every 6-12 months) by pediatric gastroenterologists, hepatologists, or other health care providers with adequate training. [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] 
Counseling and education about HCv infection
Counseling families of at-risk individuals should begin at the time of testing. Education about HCV infection, including routes of viral spread, natural history, and treatment, as well as signs and symptoms of liver disease should be an ongoing process from the time of diagnosis. This is imperative because the patient and family will need to make informed decisions about their medical care and will have the responsibility for avoiding behaviors that increase the spread of infection, such as sharing toothbrushes, razors, and other personal items potentially contaminated with blood. The use of barrier techniques and hand washing is important in the setting of exposure to the blood of an infected person and is a necessary universal precaution when handling any blood product. In addition, a monogamous partnership with safe sex practices is advisable.
Treatment considerations
The next important step in the management of hepatitis C infection is the decision regarding when to initiate medical therapy, which remains a matter of some debate. Children and adults acutely infected with HCV are generally asymptomatic, and infected children often have normal ALT levels. However, children are more likely to spontaneously clear the virus. Given the typically slow histologic progression of liver disease in children, some argue that treatment should be postponed until adulthood. In addition, response rates with currently available antiviral therapies approved by the US Food and Drug Administration (FDA) for the pediatric population remain suboptimal, and are associated with high costs and potential toxicities.
A number of factors, however, support initiation of treatment as early as possible among HCV-infected children older than 3 years of age. Children are likely to be exposed to the adverse effects of HCV for a prolonged period of time; therefore, successful treatment is expected to diminish morbidity in adulthood. 32 In a retrospective study of Asian patients infected with HCV for more than 60 years, 71% had cirrhosis on liver biopsy. 33 Specifically, early treatment may prevent disease progression and avoid potential chronic hepatitis, cirrhosis, liver cancer, and neurocognitive consequences. 6 In addition, early eradication of HCV is likely to reduce the social stigma associated with viral infection, a source of significant caregiver stress, 24 and improve the psychosocial status of patients and their families, who have been found to have high levels of stress. A 2006 study of 70 people infected with hepatitis C found that this condition had a pervasive impact on quality of life, with universal experience of fear and anxiety about stigma and discrimination. 34 Children also possess multiple characteristics that make them ideal candidates for treatment. Shorter duration of infection and a lesser degree of hepatic fibrosis are recognized factors associated with improved response to antiviral therapy for HCV. In addition, children have fewer comorbidities than adults, and parental motivation enhances adherence to treatment. Children also tolerate currently available therapies better than adults, with mild flu-like symptoms being the most common complaint, 35 and in the authors' experience, subcutaneous administration of PEGylated interferon (IFN) is well accepted, with only mild discomfort reported by patients. Although it can be argued that the long-term effects of ribavirin are relatively unknown, its use in pediatric hepatitis C has been documented in the literature for well over one decade, and it has proven to be safe with side effects that respond to dosage adjustments and usually resolve once treatment is discontinued.
The economic impact of treating children with HCV infection is substantial. In this regard, treatment at a young age is also advantageous in that the cost of treatment is less than that in adults (less amount of drug used), a reduction of future HCV liver disease costs is expected, and risk of unemployment and other psychosocial problems associated with hepatitis C are minimized. [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] It is also expected that eradicating the infection sooner would decrease the risk of transmission to the population at large.
Children younger than 3 years of age are not considered candidates for treatment because IFN has been shown to cause spastic diplegia in this age group. 36 Once a patient older than 3 years of age is found to be HCV RNA-positive, baseline laboratory studies should be sent and a baseline liver biopsy is recommended ( Figure 1 ). The decision to initiate treatment should be individualized to each patient. 
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Optimal management of pediatric HCv infection Children carrying genotypes 2 and 3 have a higher likelihood of response to current treatments, making early initiation of therapy desirable. However, a watch and wait approach is acceptable in patients with genotypes 1 and 4 who have mild disease on biopsy, anticipating the availability of more efficacious drugs. Some families may opt to treat regardless of genotype and histologic findings on liver biopsy, given the stigma associated with the disease. For children in whom the decision to withhold treatment is made, we recommend follow-up at 6-month intervals to check liver function profile and coagulation studies, assessing for possible disease progression and to update families on newer options for treatment. Ultrasounds can be performed once yearly to look for gross changes in liver echogenicity and to screen for development of hepatocellular carcinoma, although the latter is very rare in the young. Special consideration, prior to initiation of treatment, is advised for certain groups of children and adolescents, including those who are incarcerated or in detention centers, those with a history of substance abuse, and those with psychiatric illness who may have impaired compliance and be at higher risk for certain medication side effects. 28 Nevertheless, every effort should be made to treat such children and adolescents because they represent highrisk groups for spread of the disease.
Liver biopsy should be performed on diagnosis of HCV infection in children older than 3 years as it is currently the best tool for assessment of hepatic fibrosis. In 121 HCV-infected children aged 2-16 years, inflammation, fibrosis, and steatosis were milder than reported for treatment-naïve adults, yet several children were found to have bridging fibrosis and cirrhosis. 23 Thus, histologic confirmation of hepatic damage makes the matter of treatment initiation more urgent. However, follow-up biopsies are not advocated at fixed intervals since the rate of progression of liver disease in pediatrics is unclear. In a study of HCV-positive children, 29% showed an increase in severity of fibrosis over a 5-year period, with adolescents having a higher rate of fibrosis than younger children, indicating an indolent progression of liver disease over the course of several years. 37 In the authors' opinion, a repeat liver biopsy may be considered if the clinical scenario changes (ie, decline in liver function) or following 3 years from the last biopsy, as information obtained from the repeat liver biopsy may inform the decision to treat. Noninvasive tests such as liver elastography are likely to play an important role in the assessment of progression of fibrosis in hepatitis C in the future, but have not yet been approved by the FDA for clinical use in pediatrics. 
NASPGHAN and AASLD guidelines for management of HCv infection
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Fifi et al should be considered for treatment using the same criteria as adults. 30 These criteria are summarized in Table 1 .
Screening for other conditions
Patients found to be HCV-positive should have their immune status for hepatitis A and B (HBV) assessed. A meta-analysis found HBV/HCV coinfection to be more strongly associated with hepatocellular carcinoma than either infection alone, suggesting a synergistic effect between the two viruses. 38 In addition, it is well established that coinfection with HIV is associated with higher rates of viral persistence, increased viral load, and more rapid progression to end-stage liver disease. 28 Sustained virologic response has been found to be 15%-50% lower in individuals coinfected with HCV-HIV than in those who are monoinfected. 39 Establishing HIV status in the HCV-infected patient is important because it will influence not only the natural history but also the response to therapy. Although evidence is lacking with regard to the potential impact of nonalcoholic fatty liver disease on the natural history of hepatitis C infection, steatosis is often reported in HCV infection, 40 and evaluation for this condition should be considered among those at risk, including obese patients and those with a family history of obesity. Finally, alcoholic liver disease is not observed in the young, but adolescents should be advised to avoid alcohol to prevent further liver damage.
Antiviral therapy Definitions of virologic response
The primary goal of therapy is eradication of viremia, namely, a virologic response. Additional goals may include halting the progression of hepatic fibrosis, preventing the development of chronic liver disease, and improving overall quality of life. 6 Levels of viremia were not found to be associated with disease severity, and levels of viremia can be intermittent and fluctuate in ∼18% of adult patients, being intermittently negative for HCV RNA. 41 Notably, in the authors' experience and on review of the current literature, there is no evidence in children of intermittent HCV RNA negativity, so this is an area that needs further study in the pediatric population. The primary treatment endpoint is characterized by a sustained virologic response, ie, undetectable serum HCV RNA levels (,50 IU/mL), 24 weeks after the end of treatment. A rapid virologic response, defined as an undetectable serum HCV RNA level after 4 weeks of treatment, is now considered the strongest predictor of sustained virologic response, with a positive predictive value of more than 96%. 42 A study of 105 adults with chronic hepatitis C found rapid virologic response to be an independent predictor of sustained virologic response, with a sustained virologic response being achieved in 86.7% of patients who had attained a rapid virologic response compared with a sustained virologic response in only 43.9% of patients who had not attained a rapid virologic response. 43 The majority of adult patients who achieve a sustained virologic response also undergo an early virologic response, defined as a 2 log 10 (100-fold) decline in serum HCV RNA levels from pretreatment baseline or undetectable HCV RNA by treatment week 12. Rapid virologic response is yet to supplant early virologic response in determining when to discontinue treatment to avoid potential side effects and decrease cost. The role of rapid virologic response in the treatment of chronic hepatitis C has been studied in adults for its use in shortening the duration of treatment in patients with HCV genotypes 2 and 3 or as an indicator for both shortened and extended treatment durations among patients with HCV genotype 1. 44 However, caution should be taken when generalizing findings from adult studies since it is not clear that the same is true in children due to a lack of relevant investigations in the pediatric population 45 (Table 2) .
interferon, ribavirin, and PeG-iFN
Early studies focused on IFN monotherapy for the treatment of hepatitis C in adults as well as children. It later 
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Optimal management of pediatric HCv infection became clear that addition of ribavirin significantly improved response rates. 46, 47 Similarly, the addition of ribavirin to IFN in the treatment of HCV-infected pediatric patients showed improved response. 6, 30 Addition of polyethylene glycol (PEG) to standard IFN (PEG-IFN) prolongs its half-life, making it possible to reduce the dosing frequency from three times per week to once weekly. In addition, the PEGylation process allows for enhanced plasma levels, resulting in improved viral suppression. There are two commercially available PEG-IFNα preparations, ie, PEG-IFNα-2a and PEG-IFNα-2b, which have a similar efficacy and safety profile. 30, 48 The first randomized, placebo-controlled trial of chronic pediatric HCV treatment in the USA (ie, Peginterferon with or without ribavirin for chronic hepatitis C in children and adolescents: final results of the Peds-C trial) was recently completed. The results of this study show that 21% of children treated with PEG-IFN alone in contrast with 53% of those treated with PEG-IFN in combination with ribavirin achieved a sustained virologic response, demonstrating superiority of the combination over single therapy. 49 An international multicenter study of 107 children recently published by Wirth et al demonstrated a sustained virologic response in 53% of patients with genotype 1, 93% of those with genotype 2/3, and 80% of those with genotype 4. 50 In 2008, the results of these two trials led to FDA approval of combination therapy with PEG-IFNα-2b and ribavirin for use in children 3 years of age or older infected with HCV. The established duration of treatment at present is 48 weeks for genotypes 1 and 4. Adult patients with genotypes 2 and 3 are treated for 24 weeks only, but there are no data to determine whether 24 weeks would be sufficient for treatment of pediatric patients carrying those genotypes. The results of the major studies of treatment of children with HCV infection are summarized in Table 3 and Figure 2 .
Factors associated with response to antiviral treatment
Factors associated with improved response to antiviral therapy in children include carrying an HCV genotype other than 1 and low pretreatment HCV RNA (Figure 3 ). African American race has been associated with diminished response to therapy, but the inclusion of relatively small numbers of African American subjects in published investigations in children precludes definitive conclusions. 51 Age younger than 12 years was associated with improved response in one study, 52 but this has not been corroborated by others. The association between being overweight and diminished sustained virologic response has been reported in children, 53 and represents an important public health concern, given the epidemic proportions of obesity globally. Serum aminotransferase levels have not been associated with response to therapy or disease severity as they can fluctuate greatly. 6 Single nucleotide polymorphisms in the interleukin 28B gene have been identified as sustained virologic response predictors, so analysis of the interleukin 28B genotype might be used to guide treatment in a subset of patients. 54 It should be noted that the limited number of subjects included in published pediatric studies precludes a clear understanding of all potential factors that may determine response to antiviral therapy against HCV.
Adverse effects
The most commonly encountered side effects reported in about 61%-100% of treated children are flu-like symptoms, including pyrexia, fatigue, and headaches, generally attributed to IFN. In addition, gastrointestinal manifestations (nausea, vomiting, and weight loss) and neutropenia may also be observed. 50, 52, 55, 56 Those adverse effects are minimized by the use of PEG-IFN, which is administered only once weekly. Although agents such as epoetin alpha and granulocyte colony-stimulating factor have been used, they are not recommended because the hematologic side effects of therapy are dose-dependent and reduction of the dose by 20%-30% of PEG-IFN (based on degree of neutropenia) has been used effectively in pediatric treatment trials. 50, 57 More severe and infrequent effects can occur, including depression, irritability, alopecia, and development of thyroid and liver autoantibodies of unclear clinical significance. Reported side effects of IFN are usually reversible with discontinuation of the drug, demonstrating compensatory effects after treatment. 50, 56 Side effects attributed to ribavirin include nausea, skin rash, cough, and shortness of breath. Hemolytic anemia is one of its most commonly observed effects, which is dose-dependent and does not usually require drug discontinuation (average decrease in hemoglobin of 2-3 g). 13 There are reports of teratogenic and embryotoxic effects of ribavirin in animal studies that have raised concerns about the use of this medication in males and females with reproductive potential, 58 and hence sexually active patients should be advised to use appropriate contraceptive methods during treatment and for 6 months thereafter.
The recommended laboratory tests to be monitored during therapy, according to the NASPGHAN practice guidelines, are summarized in Table 4 . These include complete blood cell count and absolute neutrophil count, an hepatic panel, and glucose, thyroid-stimulating hormone, urine human chorionic gonadotropin (for female patients 13 years of age and older), prothrombin time, urinalysis, and HCV RNA. 28 Isolated case reports raised concern about central nervous system toxicity because of the use of IFN in infants. 36, 59 Also, ribavirin has been found to have teratogenic and embryotoxic effects in animal studies, 13 requiring girls of reproductive age to agree to be placed on birth control if treatment is initiated.
There are limited pediatric data on patients with chronic hepatitis C and other comorbid conditions more commonly seen in adults, but it is important to be aware of the special care required should such a pediatric patient be encountered. For example, patients with end-stage renal disease on dialysis require close monitoring as they do not tolerate ribavirin well and often require monotherapy with IFN. In adult studies, post-renal transplant HCV therapy is generally not recommended because of concerns regarding the risk of 
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Optimal management of pediatric HCv infection precipitating acute rejection. 60 However, prophylactic treatment early after liver transplantation is initiated because recurrent hepatitis C following liver transplantation is a universal phenomenon and graft reinfection with allograft cirrhosis and decompensation occurs rapidly in many patients. 61
Development of future treatments: direct-acting antivirals
Currently, research is orientated to the development and approval of direct-acting antiviral agents regulated within the Center for Drug Evaluation and Research at the FDA for the treatment of chronic hepatitis C. Direct-acting antiviral agents interfere with specific steps in the HCV replication cycle through a direct interaction with the HCV polyprotein and its cleavage products. 62 The addition of protease inhibitors to PEG-IFN and ribavirin now represents standard therapy in the management of hepatitis C infection. When used in combination with PEG-IFN and ribavirin, these drugs greatly improve the sustained virologic response in both treatment-naïve adults and among infected adults who have had previous treatment failures. In one study of 520 treatment-naïve patients undertaken in 67 sites in the USA, Canada, and Europe, the sustained virologic response rate was increased to 75% with addition of a protease inhibitor to standard treatment with PEG-IFN and ribavirin after a 4-week leadin, from 38% in those receiving standard therapy alone. 63 In 2011, based on the strong evidence of superiority of this combination, the FDA approved boceprevir and telaprevir for the treatment of adults with chronic hepatitis C. In the multicenter, double-blind, placebo-controlled PILLAR trial (ClinicalTrials.gov identifier NCT00882908), adult patients receiving once-daily simeprevir in addition to PEG-IFN and ribavirin for 24 weeks achieved a 74.7%-86.1% sustained virologic response rate as compared with a 64.9% sustained virologic response among controls receiving only PEG-IFN and ribavirin. 64 Similar results were observed among adults who had failed prior therapies, with those in the simeprevir group achieving a 61%-80% sustained virologic response rate as compared with 23% among those treated with only PEG-IFN and ribavirin. 65 On November 22, 2013, the FDA approved simeprevir in combination with PEG-IFN and ribavirin as part of a new triple therapy for treatment-naïve and treatment-experienced adults with chronic hepatitis C infection and compensated liver disease. Currently, multicenter trials are underway to evaluate the safety and efficacy of boceprevir and telaprevir in combination with PEG-IFN and ribavirin among HCV-infected children but the data are not presently available. Nevertheless, it is expected that, as in adults, children will demonstrate substantial increases in sustained virologic response rates with triple therapy.
On December 6, 2013, the FDA approved sofosbuvir, a polymerase inhibitor, for use in adults with chronic hepatitis C. 66 Sofosbuvir is used for the treatment of chronic hepatitis C in combination with PEG-IFN and ribavirin in patients with HCV genotypes 1 and 4 or with ribavirin alone in patients with HCV genotypes 2 and 3. It is also used in HCV patients with HIV coinfection. Polymerase inhibitors have been shown to have a high barrier to resistance and appear to be effective across a broad range of genotypes, as opposed to protease inhibitors that are more prone to generation of drug-resistant mutations. 67 The polymerase inhibitors were generally well tolerated as dual therapy, without serious reported adverse events. 68 Polymerase inhibitors have not been tested in children and are not approved for pediatric use to date.
extrahepatic disorders associated with HCv infection
In children, extrahepatic manifestations (articular, skin, and hematologic disorders) in chronic hepatitis C infection are less common than in adults. HCV infection may elicit autoimmune reactions resulting in generalized deposition of immune complexes and lymphoproliferative disorders, such as glomerulonephritis and cutaneous vasculitis. 69 In certain cases, IFN therapy can trigger those manifestations with an immune mechanism. Less well documented disorders associated with HCV infection include non-Hodgkin's lymphoma, thrombocytopenia, sialadenitis, thyroid disease, lichen planus, porphyria cutanea tarda, rheumatoid disorders, and neurological disorders. In the authors' experience, several cases of patients developing thyroiditis while on antiviral therapy have been observed. Thus, evaluation of autoimmune markers is recommended prior to initiation of antiviral therapy. Specifically, screening HCV-infected patients with thyroid function tests is recommended. 70
Conclusion
HCV infection is a worldwide health care problem affecting millions of adults and children. Appropriate management of this infection starts with screening and identification of patients at risk, which in turn facilitates treatment decisions for infected patients and provides opportunities to prevent further spread of the disease. Although public attention has not focused on pediatric HCV in the past, this infection has a significant impact on the lives of HCV-infected children and their families. Furthermore, HCV infection in the young plays a crucial role in the spread of this disease to the public at large. The natural history of HCV infection in children has not been clearly established, and the decision to initiate medical treatment should take into consideration a number of important factors, with patient and family education as a key component of management. Increased awareness and surveillance of HCV infection has been called for by the Institute of Medicine. Unfortunately, there are insufficient data involving the pediatric population, so our understanding of the epidemiology, natural history, and response to treatment is limited. Further investigations are needed to expand our knowledge about this infection and to prevent associated morbidity and mortality.
